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Brain-computer interface (BCI) is a direct communication pathway between a human 
and an external device. However, for highly motor-disabled people, it is the only 
means of communication to the outside world. By using it to provide people a way to 
command some devices, which could expand the abilities of a person. Thus, giving 
highly disabled people back some of their autonomy. The main objective of this project 
is to design a Graphic User Interface (GUI) to acquire and pre-processing the raw 
Electroencephalogram (EEG) signal in MATLAB for further brain analysis. As a result, 
a MATLAB GUI has been implemented that can get raw data from the EEG headset 
to perform pre-processing of the signal. Also, the GUI could be further tested, 
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In recent times, development of Brain-Computer Interface (BCI) in areas 
corresponding to medical purposes and in research has become more widespread by 
exploration of the physiological signals like Electroencephalogram(EEG) [1].  
 
A variety of signal processing techniques has applied for online EEG signal 
processing, such as Matlab, LabVIEW, and Python. These methods required external 
tools to allow routine processing of EEG data, and also, make possible the analysis of 
multimodal data collected using more complex experimental designs than previous 
analysis methods allowed[2].  
 
The existing EEG setup at CISIR based on the dedicated software provided by 
the manufacturer. Hence, a proposed interface is required to acquire data from EEG. 
This interface proposed interface will serve as a platform to perform online EEG signal 
processing. It is vital to have the EEG data available for online processing in MATLAB 
environment to provide a reliable algorithm resources for further analysis[3] 
 
Emotiv EPOC has a total of 14 EEG sensors, and two references nodes, due to 
the low-cost, higher bit rate, better resolution and user-friendly of Emotiv EPOC 
headset, it has become one of the few highly affordable BCI equipment available today 




1.2 Problem Statement 
 
The current BCI software in Universiti Teknologi PETRONAS is provided by 
the manufacturer of Emotiv EPOC, which has limited development of EEG signal 
processing that can be done. The education edition of the Emotiv EPOC software only 
offer the user to get raw EEG data using SDK, and conduct research such as detection 
of emotion, measures and displays a wide range of subjective emotional responses 
using their application program interface (API) [5].  
Hence, a new BCI software is required to conduct a further study on the brain 
signal and to perform signal processing. Additional studies of BCI are very important 
for a medical application such as become a method of diagnosis for tumors, stroke, 
and other focal brain disorders.  
In-depth knowledge such as understanding the meaning of brain wave and their 
categorization are required to develop a new BCI. Hence, the aim of this project is to 
focus on how to acquire and pre-processing raw EEG signals online.  
1.3 Objectives and Scope of Study 
 
 The main objectives of this project are to design an interface capable of 
acquiring EEG signals from existing EEG hardware and perform pre-processing 
analysis on the raw EEG signals. Understanding of the architecture of BCI system is 
very vital to develop a GUI. The apprehend meaning of brain wave and how to develop 
a BCI application using Emotiv EEG headset is needed.[6] 
Along with this, the GUI for raw EEG signal pre-processing will be done by 










2.1  Human Brain Structure 
 
The fundamental of an Electroencephalogram (EEG) technology is to study the 
human brain working principle. The human brain can be separate into right and left 
hemispheres. Figure 2.1.1 shows the brain anatomy of a human brain, and there are 
four different lobes, which are Frontal, Temporal, Parietal and Occipital [7], each of 







The human brain stem structures consist of the pons, medulla oblongata, and 
cerebellum. The control of vital processes, such as respiration and heart rate is 
regulated by the medulla oblongata and pons. On the order hand, the cerebellum is a 
large muscle coordination controls balancing of our body movement while walking 






Figure 2.1.2 : Structure of a single neuron 
Figure 2.2.1 : Delta wave 
Figure 2.1.2 shows the structure of a single neuron. The human brain consist  
of a huge number of complex neurons network, each of them is interconnected together 
and sending out an electrical impulse to communicate with each other.  The feedback 










2.2  EEG (Electroencephalogram) 
 
The EEG measures brain waves of different frequencies within the brain. 
Different tasks will trigger different frequencies which the frequencies are extracted 
from the EEG [9]. The raw EEG has usually been described in terms of frequency 
bands delta < 4Hz (deep sleep stage), theta 4–7 Hz (sleep stage ), alpha 8–12 Hz (quiet 
waking), beta 12–30 Hz (activated cortex), and gamma 30–60Hz (“cognitive” 
frequency band) [10] as shown in Figure 2.2.1, 2.2.2, 2.2.3, 2.2.4 and 2.2.5. The 
electrical potentials generated by activity in the brain is very weak, however, straight 
placed of electrodes on the scalp can help to the degree those weak signals. 








Figure 2.2.2 : Theta wave 
Figure 2.2.3 : Alpha wave 
Figure 2.2.4 : Beta wave 












4. Beta waves (12–30 Hz)  
 Low Beta Band (12-15Hz)  
o Do math's problems or reading in this state. 
 Beta Band (15-20 Hz)  
o Memory recalls when reading. 
 High Beta Band (20-30 Hz)  
o Muscular activity (EMG) can sneak in.  









Figure 2.2.5 : Gamma wave 







Initially, EEG technology is mostly used in a therapeutic application for severe 
motor incapacities treatment. Presently, more EEG acquisition unit is coming out to 
the market trend, with the wearable wireless headset ability and convenient to the user 
which makes the EEG technology to applied in many other expenses such as control 
system and entertainment rather than medical application.[11]  
 
2.3 Brain-Computer Interfaces (BCI)  
 
The primary focused of BCI is mainly because of growing number of 
individuals with severe motor disabilities. The researchers hope that the BCI system 
would help to recover their life in the meantime to reduce the cost and time for 
intensive care[8].  
 
For this project, non-invasive BCI acquisition EEG headset is used as it is low 
cost and the safest compares to invasive and partially invasive acquisition 
techniques[8]. The invasive technique has been used in BCI acquisition tool to direct 
insert on the brain through critical surgery. On the other hand, partially invasive 







2.3.1 Architecture of a BCI system 
 
The ideas of Brain-Computer Interface (BCI) is to connect the of brain waves 
with an output device through some interface. From the figure 2.3.1.1, its shows the 
three major physical components in a BCI system which are[7]:  
1) Signal Acquisition 
a) Transforms of electrode signal into numerical values that can be manipulated 
and read by a PC. 
 
2) Signal Processing:  
a) Analysis and organize of EEG data. 
i) Data Pre-processing 
ii) Feature Extraction 
iii) Data Classification  
 









Figure 2.3.1: BCI system diagram 
 
 
Figure 2.3.1.1: BCI system diagram 
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Figure 2.4.1 is an Emotiv EPOC EEG headset that had been chosen as a 
signal acquisition hardware used by this project. From the comparison of the current 
EEG acquisition hardware, Emotiv EPOC EEG headset possesses higher bit rate and 
have better resolution compare to other acquisition tools. [12] The abbreviation of 
each EEG sensor can be represented by the Table 1. 
 
Table 1: EEG sensor abbreviation [13] 
AF3 Attention  FC6 Left Body controller 
AF4 Judgment T7 Verbal memory 
F3 Motor planning T8 Emotional memory 
F4 Motor planning for left upper P7 Verbal understanding 
F7 Verbal Expression P8 Understanding, Motivation 
F8 Anger, Happy O1 Visual processing 








2.5 Data Pre-processing 
 
Removing of DC Offset 
EEG data is stored as fluctuating point values which is directly transformed 
from the unspecified 14-bit ADC output from the Emotiv EPOC headset. The DC level 
of the raw signal occurs at roughly 4000 uV, the negative voltages are conveyed as 
+ve values less than the average level, and positive voltages are conveyed as +ve 
values greater than the average. It is necessary to apply DC offset removal before 
performing the analysis. One of the methods was to remove the mean value from the 
EEG data.[14] 
 
Extract of Specific EEG frequency 
 Figure 2.5.1 shows the frequency response of the Butterworth Filter. This filter 
is selected to extract the EEG frequency because of its maximally flat characteristic in 
the passband. In addition, no ripple is present in the stopband. On the other hands, the 
passbands and stopbands are maximally flat, thus resulting in a quality output signal 








Figure 2.5.1: Ideal Frequency Response for a Butterworth Filter 
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2.6 Simple EEG Classification 
 
Detecting Close eye-brain wave pattern 
 
The EEG sensor at nodes O1 and O2 are used for visual processing[15]. During 
close eye period, a different pattern of brain wave will have received by sensor O1 and 
O2. That wave pattern can be classified as close eye movement as shows in figure 
2.6.1. 
 
Figure 2.6.1 : Brainwave during close eye at O1 and O2 sensor 
 
Figure 2.6.2 shows the duration of blink eye stage when sensor AF3, and AF4 
received a different pattern of brain wave that can classify as blinking eye [15]. 
 






Table 2: Types of EEG Online Signal Processing Software 
 
Software Strengths Weakness 
MATLAB 
 Easy to function 
 Many Toolbox provided 
 Easy to get 
 Implementation very 
fast 
 plotting function 
 Expensive 
 Need update 
maintenance cost 
 
OCTAVE  Use C language 
 Free 
 Implementation very 
slow 
PYTHON 
 Interpreted language 
like MATLAB 
 Support advanced 
features 
 Free 
 Less easy as in 
MATLAB 
 Not a popular language 
in the industry 
C/C++ 
 High level of 
computational speed 
and optimization 
 Use Four distinct 
languages 
 C++ is extremely huge 
 Various features interact 







2.7 Selection of EEG Online Signal Processing Software 
 
From Table 2, among all the programming software, MATLAB is the best 
choice for designing a Brain Computer Interface (BCI) environment for online 
Electroencephalogram (EEG) signal processing because of its powerful built-in 
features. Compare with other software like C++ and Octave, all of them need more 
complex programming code. Although the price for MATLAB itself is not low, 
however, MATLAB can easily to be accessed in Universiti Teknologi PETRONAS.  
 
Hence, MATLAB has been chosen as my primary software to design a GUI 
that can acquire EEG data online for signal processing. In addition, the portable Emotiv 
EPOC EEG Headset will be used as an EEG Signal Acquisition tool for transfering the 
raw EEG data to MATLAB for online signal processing. 
 
 




TOOLBOX FEATURES WEAKNESSES 
FieldTrip 
-Online and offline EEG 
analysis 
-Spectral and connectivity 
analysis 
-Does not have (GUI). 
BCILab 





-Toolbox of EEGLab 




EEGLab -Offline analysis only 
-Can’t access online EEG 
signal data 
BioSig 
-Accepting and generating 
signals in multiple data 
formats 
- Don’t have a real-time BCI 
system implemented in 
MATLAB and Simulink 
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 Once the implemented software has been finalized, a review for different 
existing EEG signal processing toolbox has been started before designing a MATLAB 
interface. MATLAB offers some open valuable tools like EEGLab and BCILab for 
both online and offline signal analysis for BCI approaches[16].  
Table 3 showed the comparison of the features of each toolbox and listed out 
their weaknesses. From all of the toolbox, BCILab is the most powerful and have many 
features, but it has a lesser focus on real-time acquisition application, but integrate with 
existing software like BCI2000 and ERICA. Besides that, FieldTrip is also a good 
toolbox. Unfortunately, it doesn’t have GUI interface which means that the user needs 
to know basic MATLAB function in order to run the software.   
The new designation of MATLAB GUI must be able to get raw data from 14-
channel electrode sensors of Emotiv EPOC EEG headset. Besides that, the BCI 
environment needs to have a filter. This help the user to extract the specific EEG 
frequency that is needed. As the consequence, this BCI interface will become the 
























3.1 Design of MATLAB Interface Process 
 




Figure 3.3.1: Command Window (Type mex -setup) 
 
 
3.2 Development of BCI on PC with Emotiv EEG headset 
 
` Emotiv Education Edition SDK is a suite of development tool to help the 
developer to create BCI application on PC. It includes the following: 
 Emotiv Control Panel: Program for setting and testing the headset.  
 Testbench: Program for load and save the experiment data. 
 EmoEngine(edk.dll): Library files that needed for processing EEG 
data. 
 
3.3 Online BCI Design groundwork 
 
 The Emotiv SDK library files were imported into the same folder, afterward, make 
sure the Emotiv Control Panel was opened and connected to Emotiv headset so 








 Type mex -setup in the command window as shows in figure 3.3.1. (Noted: 









 Command mex -setup C++ as shown in Figure 3.3.2. (Noted: Compiler was 




Figure 3.3.2: Command Window (Type mex -setup C++) 
 
 After that, the “EmotivEEG headset toolbox” was downloaded from Mathworks 
file exchange and the toolbox was put under the directory of MATLAB. After 
that, the library files provided by the Emotiv SDK was all added to the Emotiv 
headset toolbox.  
 
 Open EmotivEEG.m, ExampleUsage.m (Noted: Provided by the EmotivEEG 














Figure 3.4.1: Convert EDF to CSV 
Figure 3.4.2: Transform data to TABLE form 
Figure 3.4.3: Generate Function from the csv file  
3.4 Offline BCI Design groundwork 
 
 Offline data was recorded and saved in edf. files format using Emotiv Testbench. 
This format is commonly used EEG processing applications such as FieldTrip and 
BCILab. The edf. files will then be converted to CSV file using the Emotiv 








 CSV. file is imported to MATLAB by selecting TABLE mode, and table function 




 The function that was generated will be transferred into GUI as callback function 






3.5 Grant Chart 
DETAIL/WEEK 
FYP 1 FYP 2 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Topic Chosen                                                           
Literature Review                                                           
Extended Proposal                                                           
Getting Familiar with MATLAB and EEG 
Headset 
                                                          
Proposal Defense                                                           
Find ways to query raw EEG data in MATLAB                                                            
Conceptual Design of GUI Layout                                                           
Understanding the Architecture of BCI systems                                                           
Submission of draft Interim Report                                                           
Submission of Interim Report                                                           
Advanced Study of MATLAB GUI coding                                                           
Code writing in for element in MATLAB GUI                                                           
Design of Butterworths filter                                                           
Implementation and Design of MATLAB GUI                                                           
Loading raw Data in MATLAB GUI                                                           
Modification and Troubleshooting of MATLAB 
GUI 
                                                          
Transmission of raw EEG Data                                                           
Perform Signal Pre-Processing                                                           






RESULT & DISCUSSION 
 
The understanding of Electroencephalogram (EEG) signal theory is very 
important in order to design a Graphic User Interface (GUI). There are certain 
behaviors and techniques involve in creating an algorithm for acquisition and pre-
processing of raw EEG signal. The layout of GUI designed need to be clean and have 
a clear instruction that can be easily understood by the user. This GUI will serve as a 
basic software for further analysis in another field which can be defined by the user. 




Figure 4.1: Block Diagram of EEG MATLAB GUI Acquisition System 
 
Figure 4.1 shows the block diagram of EEG acquisition system. First, the 
wireless transmission of human subject equipped with Emotiv EEG headset to 
MATLAB GUI interface. After that, pre-processing of EEG was done by removing 
the DC offset, and different EEG band was filtered out.  
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Figure 4.1.1: EDK library loaded (Run EmotivEEG.m) 
 
4.1 Technical error  
 
After connecting the Emotiv EEG headset to the computer through Bluetooth, 
Emotiv Control Panel and MATLAB were initiated simultaneously. “Emotiv EEG” 
was input in the MATLAB command window in order to get real-time EEG data. 
However, there were some warnings popped up which cause the Emotiv system to 

















Figure 4.2.1: GUI for EEG Acquisition and Signal pre-Processing 
 
4.2 Offline BCI Result 
 
Figure 4.2.1 is the GUI interface designed for EEG acquisition and signal pre-
processing. Selection of offline and online analysis tool needed to be done at the initial 
stage. For online analysis, Emotiv EEG headset needs to be connected whereas for 
offline analysis, data saved earlier will be loaded in MATLAB GUI in order to perform 
signal pre-processing.  After that, users can select the EEG band that they want to filter 
out. Lastly, select the nodes needed to plot the EEG signal. The figure at the left-hand 













Figure 4.2.2:  EEG pre-processing of raw data (node AF3) 
 
Plotting of offline data in animated form with removing of dc offset for the raw 










4.3 Band Pass Filter Design  
 
Table 4: Characteristic of EEG Band 
 Gamma Beta Alpha Theta Delta 
Sampling Frequency 
(Hz) 
128 128 128 128 128 
Filter Order 
(n) 
4 4 4 4 4 
Lower Cutoff frequency 
(Hz) 
30 12 8 4 - 
Higher Cutoff frequency 
(Hz) 
100 30 12 8 4 
As can be observed in Table 4, the sampling frequency of the EEG band was 
at 128Hz, and the order of the filter n was set to 4. Besides that, the cutoff frequency 
of each EEG band was listed down so that the Butterworth bandpass filter can be easily 
designed by using Signal Processing Toolbox. 
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Figure 4.4.1:Gamma Band (node AF3) 
Figure 4.4.2: Beta Band (node AF3) 
Figure 4.4.3: Alpha Band (node AF3) 
4.4 Plotting of different wave patterns (node AF3) 
 
The results as shown in Figure 4.4.1, 4.4.2, 4.4.3, 4.4.4 and 4.4.5 were plotted 





    
















Figure 4.4.4: Theta Band (node AF3) 

































 GUI design for EEG signal acquisition and pre-processing begins with the 
selection of EEG acquisition tool, and software follows by designing a user friendly 
interface to perform pre-processing of selected raw signal and with the plotting of 
selected band and nodes. The acquired brain signals were sent to the computer via 
Bluetooth and saved as a .csv file to perform signal pre-processing. Operations like 
removing of DC offset and the extraction of specific EEG frequency were 
implemented to collect EEG signals. In this project, the selection of filter is very 
important to get a high-quality output. Butterworth IIR filter was selected as a pre-
processing tool because of its passband and stopbands are maximally flat, thus 
resulting in a quality output signal for the different frequency bands. Furthermore, a 
reasonably sharp fall-off can be reached.  
The challenges that faced when implementing the Brain Computer Interface 
(BCI) system are variability in the acquired online EEG signals via the Emotiv headset 
to MATLAB GUI. The latest result showed that the function "EE_GetSecurityCode" 
is in the header file of the toolbox but not included in the edk. library, so when the 
MATLAB called the function, the error "not found in the library" appeared . By 
removing the “EE_GetSecurityCode“line from the header file will prevent the error 
that causes faulty during the transmission of raw data from headset to MATLAB. 
However, the offline data was successfully loaded in the MATLAB GUI, and the 






For further development of this project, improvement can be made to the 
algorithm, signal processing, and classification procedures with addition of featuring 
extensions. This algorithm could be further enhanced to control remote applications. 
A system builds with signals consisting of more number of electrodes would have high 
precision in classification of the signals. They are of great help for improving the 
quality of life for physically impaired people to perform physically challenging tasks 
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Figure 1 : Preparation for Emotiv EEG headset 






1) The Emotiv Education Edition SDK and Visual Studio 2010 were installed in the 
PC. 
2) EPOC EEG headset was prepared. 
3) The foam-tipped sensors were wet with contact lens solution provided in the 
















Figure 3:  EPOC Control Panel 
5) After connected Emotiv neuroheadset to the USB receiver, Emotiv Control Panel 
was initiated to check the strength of the brain signal. There are 5 colors of signal 
quality: 
 
 Black: No signal 
 Yellow, Orange, Red: Poor signal 






















BMEeg.exe MATLAB Code 
 
 
function varargout = nodes(varargin) 
 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @nodes_OpeningFcn, ... 
                   'gui_OutputFcn',  @nodes_OutputFcn, ... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 




    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
    gui_mainfcn(gui_State, varargin{:}); 
end 
% End initialization code - DO NOT EDIT 
  
  
% --- Executes just before nodes is made visible. 
function nodes_OpeningFcn(hObject, eventdata, handles, varargin) 
  
% Choose default command line output for nodes 
handles.output = hObject; 
axes(handles.brain); 
imshow('C:\Users\hunte\Downloads\FYP\nodes\non.jpg');   
  
  
% Update handles structure 
guidata(hObject, handles); 
  




% --- Outputs from this function are returned to the command line. 
function varargout = nodes_OutputFcn(hObject, eventdata, handles)  
 
% Get default command line output from handles structure 





E,MARKER,SYNC_SIGNAL,TIME,VarName24] = csvread(filename, startRow, endRow) 
%% Initialize variables. 
delimiter = ','; 
if nargin<=2 
    startRow = 2; 
    endRow = inf; 
end 
  
formatSpec = '%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%f%s%s%[^\n\r]'; 
fileID = fopen(filename,'r'); 
  
textscan(fileID, '%[^\n\r]', startRow(1)-1, 'ReturnOnError', false); 
dataArray = textscan(fileID, formatSpec, endRow(1)-startRow(1)+1, 'Delimiter', delimiter, 'EmptyValue' ,NaN,'ReturnOnError', 
false); 
for block=2:length(startRow) 
    frewind(fileID); 
    textscan(fileID, '%[^\n\r]', startRow(block)-1, 'ReturnOnError', false); 
    dataArrayBlock = textscan(fileID, formatSpec, endRow(block)-startRow(block)+1, 'Delimiter', delimiter, 
'EmptyValue' ,NaN,'ReturnOnError', false); 
    for col=1:length(dataArray) 
        dataArray{col} = [dataArray{col};dataArrayBlock{col}]; 







COUNTER = dataArray{:, 1}; 
AF3 = dataArray{:, 2}; 
F7 = dataArray{:, 3}; 
F3 = dataArray{:, 4}; 
FC5 = dataArray{:, 5}; 
T7 = dataArray{:, 6}; 
P7 = dataArray{:, 7}; 
O1 = dataArray{:, 8}; 
O2 = dataArray{:, 9}; 
P8 = dataArray{:, 10}; 
T8 = dataArray{:, 11}; 
FC6 = dataArray{:, 12}; 
F4 = dataArray{:, 13}; 
F8 = dataArray{:, 14}; 
AF4 = dataArray{:, 15}; 
GYROX = dataArray{:, 16}; 
GYROY = dataArray{:, 17}; 
  
  
% --- Executes on button press in online. 
function online_Callback(hObject, eventdata, handles) 
         
 errordlg('Please Connect EEG Headset','Error');    
         
  
% --- Executes on button press in offline. 
function offline_Callback(hObject, eventdata, handles) 
 
  
% --- Executes on button press in load. 
function load_Callback(hObject, eventdata, handles) 
structure with handles and user data (see GUIDATA) 
  
[filename,pathname] = uigetfile('*.csv'); 




% --- Executes on button press in AF3. 




         
filename = handles.filename; 
[~, AF3] = csvread(filename, 2, inf); 
QQ = transpose(AF3); 
fs = 128; 
timeBase = 10; 
N = length(QQ); 
n = 4; 
hAx = handles.eeg;  
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 









     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
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                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
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                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
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                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in F7. 
function F7_Callback(hObject, eventdata, handles) 
% hObject    handle to F7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 





filename = handles.filename;               
[~, ~, F7] = csvread(filename); 
  
QQ = transpose(F7); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 












     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
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        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
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        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in F3. 
function F3_Callback(hObject, eventdata, handles) 
% hObject    handle to F3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 






filename = handles.filename;               




QQ = transpose(F3); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
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                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
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                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 





 guidata(hObject, handles) 
  
% --- Executes on button press in FC5. 
function FC5_Callback(hObject, eventdata, handles) 
% hObject    handle to FC5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 






filename = handles.filename;               
[~,~,~,~,FC5] = csvread(filename); 
  
QQ = transpose(FC5); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
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        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
44 
 
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
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                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in T7. 
function T7_Callback(hObject, eventdata, handles) 
% hObject    handle to T7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,T7] = csvread(filename); 
  
QQ = transpose(T7); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
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                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
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                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
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    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles)  
  
% --- Executes on button press in P7. 
function P7_Callback(hObject, eventdata, handles) 
% hObject    handle to P7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,~,P7] = csvread(filename); 
  
QQ = transpose(P7); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
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            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
50 
 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
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                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in O1. 
function O1_Callback(hObject, eventdata, handles) 
% hObject    handle to O1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 






filename = handles.filename;               
[~,~,~,~,~,~,~,O1] = csvread(filename); 
  
QQ = transpose(O1); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
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y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
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                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
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        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in O2. 
function O2_Callback(hObject, eventdata, handles) 
% hObject    handle to O2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 








filename = handles.filename;               
[~,~,~,~,~,~,~,~,O2] = csvread(filename); 
  
QQ = transpose(O2); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
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                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
57 
 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
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                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in P8. 
function P8_Callback(hObject, eventdata, handles) 
% hObject    handle to P8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,~,~,~,~,P8] = csvread(filename); 
  
QQ = transpose(P8); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
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            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
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        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
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            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in T8. 
function T8_Callback(hObject, eventdata, handles) 
% hObject    handle to T8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,~,~,~,~,~,T8] = csvread(filename); 
QQ = transpose(T8); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 










     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
62 
 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
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                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
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                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in FC6. 
function FC6_Callback(hObject, eventdata, handles) 
% hObject    handle to FC6 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,~,~,~,~,~,~,FC6] = csvread(filename); 
  
QQ = transpose(FC6); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 












     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
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        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
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            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in F4. 
function F4_Callback(hObject, eventdata, handles) 
% hObject    handle to F4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,~,~,~,~,~,~,~,F4] = csvread(filename); 
QQ = transpose(F4); 
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fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 









     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
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                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
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                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  




% --- Executes on button press in F8. 
function F8_Callback(hObject, eventdata, handles) 
% hObject    handle to F8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,~,~,~,~,~,~,~,~,F8] = csvread(filename); 
  
QQ = transpose(F8); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 









     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
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        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
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                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
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                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% --- Executes on button press in AF4. 
function AF4_Callback(hObject, eventdata, handles) 
% hObject    handle to AF4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 







filename = handles.filename;               
[~,~,~,~,~,~,~,~,~,~,~,~,~,~,AF4] = csvread(filename); 
QQ = transpose(AF4); 
fs = 128; 
timeBase = 10; 
hAx = handles.eeg; 
N = length(QQ); 
n = 4; 
nSamples = round(fs*timeBase); 
ind = 1; 
y = detrend(QQ); 









     
    case handles.raw 
         
        if get(hObject,'value') 
             
            hLine1 = plot(hAx,(1:nSamples)/fs,y(:,ind:ind+nSamples-1)); 
            hold on; 
            hLine2 = plot(hAx,(1:nSamples)/fs,yy(:,ind:ind+nSamples-1)); 
             
             
            while(ind < N-nSamples) && ishandle (hLine1) && ishandle (hLine2); 
                 
                if get(hObject,'value') 
                     
                    set(hLine1,'ydata',y(:,ind:ind+nSamples-1)); 
                    set(hLine2,'ydata',yy(:,ind:ind+nSamples-1)); 
                    
                    drawnow; 
                     
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
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                else 
                    break; 
                end 
            end 
        end 
  
    case handles.gamma            % (30-100Hz) 
         
        W3 = 60/fs; 
        W4 = 100/fs; 
        Wn_a = [W3 W4]; 
        [g,h] = butter(n,Wn_a); 
        gamma = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,gamma(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',gamma(:,ind:ind+nSamples-1)); 
                    drawnow 
                    title ('gamma (30-100Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    
                    t = toc; 
            
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
         
    case handles.beta             % (12-30Hz) 
         
         
        W5 = 24/fs; 
        W6 = 60/fs; 
        Wn_b = [W5 W6]; 
        [g,h] = butter(n,Wn_b); 
        beta = filter(g,h,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,beta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',beta(:,ind:ind+nSamples-1)); 
                    title ('beta (12-30Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
76 
 
          
    case handles.alpha            % (8-12Hz) 
         
         
        W3 = 16/fs; 
        W4 = 24/fs; 
        Wn_a = [W3 W4]; 
        [e,f] = butter(n,Wn_a); 
        alpha = filter(e,f,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,alpha(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',alpha(:,ind:ind+nSamples-1)); 
                    title ('alpha (8-12Hz)') 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.theta            % (4-7Hz) 
         
        W1 = 8/fs; 
        W2 = 14/fs; 
        Wn_t = [W1 W2]; 
        [c,d] = butter(n,Wn_t); 
        theta = filter(c,d,QQ); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,theta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',theta(:,ind:ind+nSamples-1)); 
                    title ('theta (4-7Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
    case handles.delta            %  (<4Hz) 
         
        Wn_d = 8/fs; 
        [b,a] = butter(n,Wn_d); 
        delta = filter(b,a,QQ); 
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        delta = detrend (delta); 
         
        if get(hObject,'value') 
             
            hLine = plot(hAx,(1:nSamples)/fs,delta(:,ind:ind+nSamples-1)); 
             
            while (ind < N-nSamples) && ishandle(hLine) 
                 
                if get(hObject,'value') 
                     
                    set(hLine,'ydata',delta(:,ind:ind+nSamples-1)); 
                    title ('delta (<4Hz)'); 
                    xlabel('[sec]'); 
                    ylabel('µV'); 
                    grid on; 
                    drawnow 
                     
                    t = toc; 
                     
                    ind = round(t*fs); 
                    ind = max(ind,1); 
                     
                else 
                    break; 
                end 
            end 
        end 
          
end 
  
 guidata(hObject, handles) 
  
% -------------------------------------------------------------------- 
function uipushtool2_ClickedCallback(hObject, eventdata, handles) 
% hObject    handle to uipushtool2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
  
cla(handles.eeg); 
  
guidata(hObject, handles) 
 
 
 
 
 
 
 
 
 
 
 
 
 
